composition of irrigated soybean has not been extensively researched.
The correlation among the chemical composition of soybean and water stress is still debated. Many researchers determined that the amount of protein decreases with soil water deficit (Specht et al. 2001 , Boydak et al. 2002 , Carrera et al. 2009 ). Contrarily, Kumar et al. (2006) and Rotundo and Westgate (2010) found that the protein content increases with increasing water deficit. Some researchers report increasing oil content with water deficit, whereas others indicate that it decreases with soil water deficit (Specht et al. 2001, Rotundo and Westgate 2010) . Little information is available about the effect of different irrigation treatments on the chemical composition of soybean, and in particular, its mineral composition, in temperate climate conditions such as those that prevail in the study area. The present research aims at determining the effect of different irrigation treatments on soybean yield and chemical composition in the ecological conditions that exist in Vojvodina. Knowledge of the effect of different irrigation treatments will be useful to soybean farmers in this region of Serbia as well as in neighbouring countries. The effects of irrigation and local climate conditions on the chemical composition of soybean are also highly relevant to food industry.
MATERIAL AND METHODS
Study area location and climate. The threeyear study (2012) (2013) (2014) was conducted on an irrigated experimental field of the Maize Research Institute of Zemun Polje, Serbia (44°52'N, 20°20'E), on Calcic Chernozem. The climate is temperate (warm and dry summers); the year average precipitation total is 638 mm and the year average air temperature 11.9°C. Table 1 shows mean monthly precipitation levels and temperatures for all three growing seasons.
Experimental setup. The experiment focused on four irrigation treatments: full irrigation (I 100 ); I 65 -65% of I 100 ; I 40 -40% of I 100 ; and no irrigation (I 0 ). The amount of water applied in full irrigation treatment was calculated as the amount of water necessary to replenish to the field capacity in 0-60 cm soil depth. The experiment was set up according to a randomized block design, with four replications. In all three study years, the soybean cultivar used was Nena (II MG), selected at the Maize Research Institute of Zemun Polje. The seeds were sown on 28, 19 April and 6 May in 2012, 2013 and 2014, respectively. Each experimental plot comprised of 16 rows, 7.14 m long. The space among the rows was 0.5 m and the sowing density was 44.5 seeds per m 2 . The experimental field was irrigated by a manually-movable sprinkler system. Irrigation was initiated when the soil moisture in treatment I 100 at a depth of 60 cm was roughly 50% of the accessible water. Amounts of irrigation water applied to treatments during the soybean growing period are presented in Table 2 .
Soybean crop was har vested on 19, 18 and 15 October in 2012, 2013 and 2014, respectively. The yield of each plot was determined by manual counting in two central consecutive rows, 5 m long, and adjusted to a moisture content of 13%. The protein and oil content were determined by Values in parentheses represent divergence from normal (20-year average) the NIR spectroscopy (Instalab 700 NIR Grain Analyzer, DICKEY-john, Auburn, USA). The concentrations of Ca, Mg, Fe, Mn, Cu and Zn were determined by atomic absorption spectrometry (Varian Spectra AA 220, Palo Alto, USA). Phosphorus was determined by colorimetry and potassium by flame photometry. Statistical analysis. The experimental data were statistically analysed by ANOVA, using the SPSS software (version 20, Chicago, USA). Fisher's LSD test was applied to determine significant differences among treatments with α = 0.05.
RESULTS AND DISCUSSION
Seed yield. In this research, the response of soybean yields to the irrigation treatments varied from year to year (Table 2) . As expected, all irrigation treatments in all three years resulted in significantly higher (P < 0.05) seed yields than the rainfed treatment (Table 2 ). In all three study years, the yield under treatment I 65 was significantly higher than under the other two irrigation treatments. The soybean yield under full irrigation (I 100 ) was 0.35 and 0.73 t/ha higher, on average, than under I 40 and I 0 , respectively, but 0.37 t/ha lower than that under treatment I 65 . The reasons for this are unknown but according to Campbell and Phene (1977) too much moisture tends to reduce O 2 concentrations in the soil and thus lower crop yields. Al-Tawaha et al. (2007) studied the effects of different irrigation levels on soybean yields, oil and protein content, and other major agronomic characteristics in Québec, Canada. They found that irrigation treatments generally resulted in higher yields, compared to the rainfed treatment that served as a control.
Protein and oil content. In this study the protein content of soybean exhibited irregular variation from I 40 to I 100 (Table 2) . Treatment I 65 , which achieved the highest yields, had the highest protein content, followed by irrigation treatments I 40 and I 100 , meaning that irrigation increased the protein content. The rainfed treatment (I 0 ) produced, on average, a 2% lower protein content than full irrigation (I 100 ), which suggested that maintaining a high level of soil moisture during the growing season was harmful to protein accumulation in soybean in those agroecological conditions. Dornbos and Mullen (1992) also determined that severe drought can increase the protein content. A higher content was achieved in (2007) established that irrigation levels had no effect on the protein content of soybean. The present results also differ from those of other studies (Liu et al. 2004 , Candogan et al. 2013 ) that reported a decrease in protein content as soybean yield was maximized by irrigation.
A statistically significant (P < 0.05) polynomial relationship among the seed protein content and the irrigation water was observed (Figure 1 ). Contrary to this research, Kirnak et al. (2010) established a power function among the amount of water used during the soybean growing season and the protein content of soybean grown under semi-arid conditions in Turkey.
The results of this research indicate that irrigation treatments did not have a significant effect on the oil content, which is an important qualitative component of soybean. On average, treatments (2007) found that irrigation had no effect on the oil content of soybean, regardless of the amount of irrigation water applied. By contrast, Kirnak et al. (2010) examined the effect of different drip irrigation rates on soybean yield and quality over two years and recorded the highest oil content of rainfed soybean in both years. The results of statistical regression analysis indicated a polynomial relation among the oil content of soybean and the amount of irrigation water used during the growing season (Figure 2 ). Contrary to this research, Kirnak et al. (2010) established an inverse linear relation among the seasonal water demand of soybean.
Mineral composition. The results of the present research show that the irrigation treatments had a significant (P < 0.05) effect on the concentrations of the studied macrominerals (Table 3 ). The concentrations of K, P and Mg were much higher under irrigation treatments than in rainfed conditions. Treatment I 65 registered the highest P and Mg concentrations and treatment I 40 the highest concentration of K. Consequently, large amounts of water added by irrigation can reduce soybean seed P and Mg concentrations to a considerable extent. Prior research has shown that access to low-mobility minerals, such as K and P, decreases in cold and humid soil conditions (Barber 1971) . Under all irrigation treatments, the Ca concentration of soybean was much lower than that of rainfed soybean. The treatment that added the most water (I 100 ) resulted in a much lower Ca concentration than treatments I 65 and I 40 .
The irrigation treatments also had a major impact on the concentrations of microminerals in all three years (Table 4 ). In the present research, irrigation significantly (P < 0.05) decreased Fe concentrations. On average, the highest concentration was recorded under rainfed conditions and the lowest under treatment I 40 . No significant differences were noted in Fe concentrations among treatments I 100 and I 65 . Irrigation treatments I 100 and I 65 resulted in higher Mn and Cu concentrations than I 0 and I 40 . The rainfed treatment recorded the lowest Cu concentration. No statistically significant differences were observed in Mn concentrations among the rainfed treatment and treatment I 40 . Also, there were no large differences in Mn and Cu concentrations among treatments I 100 and I 65 . Irrigation treatment I 65 resulted in a much higher Zn concentration than the rainfed and other irrigation treatments. The rainfed treatment and irrigation treatments I 100 and I 40 showed no notable differences in Zn concentrations of soybean. Our Based on the results of our 3-year field experiments it can be concluded that the response of yields and seed composition of soybean depends on the irrigation level and growing season. The results show that irrigation with the largest amount of water (treatment I 100 ) provided no potential benefit in terms of soybean yield and chemical composition. Based on the results of this study, treatment I 65 is the recommended strategy for stable and high yields of soybean, with a good chemical composition, under the agroecological conditions in Vojvodina and neighbouring countries.
